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Introduction
Alkylazoles are widely used in chemistry, medicine and pharmacist science and their analytical problems are the matter of a constant interest. Among the most common analytical methods for the purpose are different chromatographic techniques. Retention mechanisms of various chromatographic modes have to be quantitatively investigated by computational chemistry. Due to its rapid development in the last time, new methods of studying these intermolecular interactions often appear. Differences in retention mechanisms of hydrophobic (reversed phase) and aqueous hydrophilic interactions, as well as the jon-exchange liquid chromatographic methods are explained in the papers [1, 2] . The retention mechanism of hydrophilic-interaction liquid chromatography (HILIC)-mode liquid chromatography is reviewed [3] [4] [5] [6] [7] [8] [9] . The goal of the Quantitative Structure Retention Relationship (QSRR) approach is to exhibit the influence of the participants in chromatographic separation process by means of formal mathematical procedure. The models derived usually include a set of numeric molecular indices to quantitate nonspecific (dispersive) and specific (polar) interactions between the solutes and chromatographic phases. Finely the chromatographic retention data is presented in terms of chemoinformatics in the form of multivariable linear regression (MLR):
Where RI is the experimental retention data (most often the Retention Index of Kovats, [10] ): Pi and Di are the molecular descriptors for polar and dispersive interactions; ai, bi and c are constants. Usually the quantitation of nonspecific dispersive molecular interactions can be successfully provided by global "bulk" molecular indices. In contrast, the various specific polar interactions can be quantitated less precisely by numeric local molecular indices.
The reason to choice MLR is because the regression coefficients has the physical meaning and indicates the quantity contribution of the particular parameter Di or Pi. The statistical treatment of the regressions received makes it possibly to evaluate the significance of both the whole equation and of a single parameter. The possibility to refine the relationships between the retention solute characteristics and their molecular properties makes the QSRR approach inquisitive. The aim is to derive mathematical equations with adequate accuracy to experimental retention data. In this case one can use some theoretically derived values instead of experimental one in order to predict a solute retention property or for identification purposes.
The QSRR approach has been applied to model the gas chromatographic retention index of Kovats for the set of 16 alkyloxazoles and 16 alkylthiazoles separated on three stationary phases with different polarities. Some of our results of QSRR modeling for the same two groups of azoles have been published previously [11] [12] [13] . The present investigation continues our efforts to derive QSRR regressions with the topological index Charge-related Topological Index (CTI) [14] [15] [16] as a global molecular descriptor and been further tuned with some local molecular descriptors:
where Li and Lj are local (atomic) charge-related indices in the form of:
Here nv is the corresponding atom valence, q is the atomic charge density and NH is the number of the attached hydrogen atoms to this heavy atom. The Dij parameters are the topological distances (the number of bonds) between the two atoms. A comparison of the common equations accuracy and of the significance levels for each single descriptor reflects the specific features of chromatographic separation mechanism.
Experimental
Multiparametric linear regressions (MLR) equations were derived by using expression (1) . The experimental data for the Kovats retention indices of alkylazoles separated on three stationary phases with different polarities: OV-101, Triton Х-305, and PEG-40M, have been taken from literature [17] and shown in Table 1 .
A common approach in QSRR is that the molecular descriptors are grouped as parameters to quantitate the ability of a solute to participate either in nonspecific dispersive or in specific polar interactions within a stationary phase. The dispersive forces can be accurately quantified by any of the global molecular descriptors -constitutional, topological or steric one. Hence, in the present investigation we checked the ability of the CTI to be used as a global descriptor D [18] . The polar interactions were presented by local molecular descriptors: the charges q i of the atoms in the azole's ring and the descriptors Ri, which indicate the presence of the alkyl substituent in the solute structure. In the case of presence, the indicative descriptor has the value 1 and it is 0 when there is no substituent in the structure. 
Results and discussion
The retention on nonpolar methyl silicone phase OV-101 is governed by dispersive interactions. The second phase Triton Х-305 contains the alkylenoxide -derivate structure fragments H-(O-CH2-CH2)m-O-C6H4-C8H17 and has a middle polarity; its retention behavior is due to both dispersive and polar interactions. The polyethyleneglycol phase PEG-40M is a polar phase with HO-CH2-CH2-(O-CH2-CH2)n-O-CH2-CH2-OH structural fragments and the dominate type to the polar intermolecular interactions are the H-bonds with O atoms.
There are three sites any alkyl substituent in the alkylazole's structure. Any substituent Ri is in an α-position with respect to one or two heteroatoms N, O (resp.S): R4 proves α-N effects; R5 proves α-O (or α-S) effects; R2 exhibits both Rα-N,O, resp. Rα-N,S influences. The substituent in any α-X position has a possibility to manifest inductive, resonance or steric effect; which one is preferred depends on the solvent nature.
We started the QSRR deriving with two parameter regression equations (Tables 4. The comparison of the parametric values of coefficients in the similar equations both for oxazoles and thiazoles can be used to reflect the differences in the intermolecular interactions between the solutes and the stationary phase. We have checked all possible combinations of local molecular descriptors and the CTI index.
It can be seen that qi and Ri descriptors being in different positions in the molecular cycle have a different distribution in the models, different influence in QSRR modelling, respectively different participation in chromatographic separation process. The adequate QSRR models with q1 as a polar descriptor are meaningful just for thiazoles, but not for oxazoles (Table. 4.1.1). The sulfur atom in the thiazole has a negative correlation with RIphase. its contribution increases in the polar phases. The inclusion of the sulfur atom in the regression equation results in a decrease of retention, and this effect is enhanced by an increase of phase polarity. It is possible in this case to take into account the influence of the mesomeric effect of the sulfur atom which leads to a decrease in the basicity of the nitrogen atom, and hence its ability to participate in polar interactions, especially donor-acceptor.
The adequate QSRRs with participation of q2 were received only for oxazoles (Table 4.1.2). The carbon atom in C-(2) position exhibits both Rα-N,O, resp. Rα-N,S influences. The sign of the c1q2 term in the model is negative; its inclusion in the MLR equations for oxazoles decreases the retention, especially in the polar phase. The presence of alkyl substituents in o-position affects both the inductive effect towards the N-atom and the steric hindrance of the N-atom. In the structures with methyl substituent as a R2, the effect of hypercongugation takes place. In all the cases a substituent at the o-position decreases the partition of the polar interactions with the stationary phases. The influence is particularly sensible in the polar phases. The regression equations with the q3 descriptor are shown in Tabl.4.1.3. The nitrogen atom in the third position is a nucleophilic center, which leads to take part in polar interactions and its contribution increases in polar phases. Taking into account that the q3 atomic charge's own value is A sharp improvement of the model's accuracy (R) is noticeable when entering q4 as a descriptor for models deriving, especially for oxazoles equations (Table. 4.1.4). The C-4 site is a nucleophilic center of the azole ring; the positive inductive effect of the alkyl substituent in this position enhances this role. Тhe term q4 is significant at p=10 -6 for oxazoles and at p=10 -4 for thiazoles. The contribution of c1q4 term increases the retention, given that the value of the q4 atomic charge is negative. When considering the effect of the alkyl substituent descriptor R4 usage in the model (Table  4. 1.5), the retention decreases both for oxazoles and thiazoles. The effect of substitution of H-atom with alkyl group in the forth position leads to a steric shielding of the N-atom and to a decrease of the polar intermolecular interactions with the stationary phases, more substantial for oxazoles. The contribution of c1R4 term reflects the above tendencies: the sign of the R4 term contribution is negative and decreases the retention in all equations. The contribution of R4 is larger in polar phases, especially for PEG-40 phase (H-bonding case) both for two solute groups. The values of R4 contribution and its significance (p) are larger for oxazoles then thiazoles in the case of polar phase.
RI= a0 + bCTI + c1q4
Five models were derived with participation of q5 descriptor ( In all the cases q5 is included with a (+) sign within the parametric score, which due to its own negative atomic charge leads to a decrease of the retention. In the process of chromatographic separation of alkylazoles, the replacement of the hydrogen atom in the fifth position with an alkyl substituent reduces the retention. Probably in this case the steric hindrance effect with respect to O-atom is estimated. The presence of steric influence leads to a decrease in the retention property. The effect is more pronounced for thiazols than the oxazoles.
4.1.7.
RI= a0 + bCTI + c1R5 When modeling with a structural descriptor R5 (Table 4. 1.7) , its contribution to retention is positive for all phases. In the case of equations for thiazols the contribution for R5 is almost the same for the non-polar and the middle polar phase and slightly increases in the polar phase. For oxazoles, the contribution of R5 increases almost double in the polar phases.
The comparison of the equations accuracy (R) with a structure descriptor R4 and with R5, respectively, one can see that R4 parameter seems to be more reliable parameter to quantify the ability of azole solutes to participate in interactions with stationary phases.
The next step in QSRR building was the creating of three-parametric equations in order to increase the equation's accuracy. The requirement of orthogonality of the variables in a common equation is a necessary condition for meaningful results [19] . It limits the use of the variables in the common regression only, in the case of the low level cross-correlation coefficient, ir < 0.5. It would certainly be desirable for more meaningful QSRR results to find equally significant but less collinear independent variables.
For the case to explore the CTI index only one combination with Balaban molecular index Bal J had to be possible for meaningful modeling. A combination of two global topologic indices (CTI+BalJ) used for the regression lead to formation of new more precise models. It can be seen that the improvement of the statistics of the models for oxazole retention is possible after including of the q2 , q4 and R4 parameters (Tables 4.2 For both groups of azoles, the highest accuracy of the models is received when the C-5 position descriptor is included ( The sign of the c1 in the models is positive. Taking into account the own (-) charge of the atom, the contribution of the term c1q5 to the retention is negative. Entering q5 is conducive to a decrease of the retention. However, when using of R5 in the equation, its contribution becomes positive. The models obtained are extremely accurate for both groups of azoles. This combination of two topological indices occurs to be very successful in the case. The rise of correlation coefficient value is obvious: it is changed from R=0.98 to R=0.999 for non polar OV-101 phase. The similar tendency can be trended for both polar phases: in the case of Triton X-305 the correlation coefficient value increases from R=0.971 up to R=0.996 for oxazoles and from R=0.968 to R=0.988 for thiazoles.
Some additional combinations of local descriptors with CTI index that create adequate QSRR models are shown in the Tables 4.3. (1-4) . The attempt to improve the modeling with q1 by including q4 (resp. R4) was not successful. It appeared that the thiazole models are adequate only. Their accuracy grew insignificantly ( 
